Volatile sulfur compounds arising from grated raw or heat-treated garlic in both in-vitro and in-vivo tests were gas-chromato graphically analyzed. In in-vitro tests, the head-space vapor gas from garlic in a vial was analyzed. It was clarified that allyl mercaptan arising from raw garlic decreased with the passage of time and other volatile low-molecular sulfur compounds (LMSC) did not show remark able changes. The change of LMSC from heat-treated garlic was also studied. Methyl mercaptan and allyl mercaptan from heat-treated garlic gradually increased to some extent. On the other hand, the quantities of somewhat high-molecular sulfur cmpounds (HMSO) were much less in heat-treated garlic compared to those of raw garlic. These compounds increased till approx. 60min and then decreased gradually. In in-vivo tests, human expiration after eating garlic was analyzed. Allyl mercaptan, methyl mercaptan and allyl methyl sulfide in LMSC were detected in significant amounts. The quantities of these compounds arising from heat-treated garlic were smaller than those from raw garlic. These compounds had the tendency of decreasing with the passage of time. On the other hand, almost no HMSC was detected in both raw and heat-treated garlic. By sensory testing, raw garlic showed a stronger smell than heat-treated garlic in both in-vitro and in-vivo tests. GC analysis exhibited higher values of volatile sulfur compounds in raw garlic. That is, the higher the volatile sulfur compound level, the stronger the garlic flavor or malodor.
components. On the other hand, Minami et al (4) have reported allyl mercaptan and diallyl disulfide as the main components of oral malodor after eating garlic .
Garlic has been cultivated and used for food since ancient times , primarily for its restorative properties. However, after eating garlic , a bad odor is generated in the mouth. For its characteristic as a material in food processing , we are interested in garlic, and specifically its functionality and odor . The present study deals with changes with time in volatile sulfur compounds arising from grated fresh or heat-treated garlic. Human expiration after eating garlic was also examined for its volatile sulfur compounds. In-vitro tests. About 3g of raw garlic was grated and 0.2g was transferred into a 125mL vial, while about 3g of garlic was heated for 1min in a microwave oven and then grated. Immediately following, 0.2g was transferred into a vial of the same size. Panelists were asked which odor was stronger.
In-vivo tests. Four students who had almost no oral malodor were divided into two groups: One group ingested 1g of grated raw garlic, and the other ingested 1g of grated heated garlic with chewing for 30s. After 5min, panelists were asked which oral malodor was stronger.
RESULTS

AND DISCUSSION
In-vitro experiment The enzyme "alliinase" in raw garlic is activated by grating or cutting and the formation of allicin from alliin is brought about. By chemical reactions following the enzymatic reaction, somewhat high-molecular sulfur compounds (HMSO), such as allyl methyl disulfide, diallyl disulfide and so on, which have specific odor and sharp taste, are finally produced (5) . What kind of volatile sulfur compounds arise from grated or cut garlic?
In in-vitro tests, volatile sulfur compounds (VSC) arising from grated raw garlic and heat-treated garlic were analyzed by gas chromatography (Fig. 1 ). Nine peaks were found and peak numbers 1, 2, 3, 4, 5, 6, 7, 8, and 9 corresponded to methyl mercaptan, dimethyl sulfide, allyl mercaptan, allyl methyl sulfide, dimethyl disulfide, allyl methyl disulfide, methyl propyl sulfide, diallyl disulfide, and 3-(allylthio)propionic acid, respectively.
A study was conducted on the difference between VSC in raw garlic and heated garlic immediately after garlic is grated. The results of the in-vitro test showed the presence of methyl mercaptan, dimethyl sulfide and allyl mercaptan in slightly larger quantities than allyl methyl sulfide and dimethyl disulfide in both raw and heat-treated garlic (Fig. 2) . The production of methyl mercaptan was conspicuous in both grated raw and heat-treated garlic. The production of this substance by the cutting of heated garlic had been reported by Yu et al (6) , and was ascertained in the present study. The production of allyl mercaptan in grating raw and heated garlic has already been reported in literature (6) (7) (8) . Our observation was in agreement with previous studies. The presence of a trace amount of dimethyl disulfide in raw and heated garlic has been reported in literature (9, 10) . The presence of allyl methyl sulfide in both raw and heat-treated garlic has been reported in literature (10, 11) , and similar results were also obtained in this study. As a result of this experiment, it can be concluded that there is little difference in low-molecular sulfur compounds (LMSC) relative to HMSO between raw and heat-treated garlic after grating. However, a clear difference in HMSC between raw and heated garlic was observed immediately after grating, as shown in Table 1 . In raw garlic after grating, four components were detected (Table 1) . On the other hand, in heat-treated garlic , the presence of diallyl disulfide (the main decomposition product from allicin) and allyl methyl disulfide were conspicuous in HMSO . Their quantities were found to be much less in heated garlic as compared to raw garlic. Further , these compounds were not detected when heating time was prolonged (data not shown) . The formation of these HMSC would be stopped probably by thermal inactivation of the enzyme . The changes of HMSO with time were investigated in the same way as above.
In the case of raw garlic, almost all compounds showed a tendency to increase until 60min after grating and then to decrease gradually. When raw garlic was grated, the change of alliin into allicin occurred immediately, followed by conversion into HMSO. It took about 60min to reach the maximum of HMSC formation.
In the case of heat-treated garlic, allyl methyl disulfide and methyl propyl disulfide increased until 30min and then decreased gradually. However, other components were scarcely detected. Comparing the time courses of HMSC be tween raw and heated garlic, the value in the former remained higher than that in the latter.
In-vivo experiment Oral malodor, a general term including all breath air and bad odor generated in the mouth, is classified into physiological breath air and pathological oral malodor. There have been many studies regarding the latter, but not the former. Methyl mercaptan has been recognized as one of the main components of pathological oral malodor or breath air of healthy people (12, 13 and heat-treated garlic (right). Experimental conditions were the same as in Fig . 1 , except for sampling of human expiration instead of the head-space vapor . Peak components were the same as in Fig. 1 . It has been reported that a large quantity of allyl mercaptan is immediately generated in the mouth when raw garlic is eaten (9,10), but there is little information on other LMSC. For this reason, VSC in human expiration after eating grated raw garlic or heat-treated garlic was analyzed. Typical gas chromatograms of raw and heat-treated garlic in the in-vivo test are shown in Fig. 3 . Eight components were detected from the breath air after eating raw garlic. However, the breath air from a subject who took heat-treated garlic did not contain allyl methyl disulfide, methyl propyl disulfide, diallyl disulfide or 3-(allylthio)propionic acid. It is also worth noting that methyl mercaptan has been shown to be a major cause of oral malodor (11, 12) . In the present experiment, the amount of methyl mercaptan in the breath air of a subject before eating garlic proved to be negligibly small according to gas chromatography (Fig. 4) .
The difference in expiratory VSC immediately after eating both raw and heated garlic was studied. The results of the LMSC content of the breath air after eating raw or heated garlic are shown in Fig. 5 . Methyl mercaptan and allyl methyl sulfide, in addition to allyl mercaptan, were detected in both cases. On the other hand, dimethyl sulfide and dimethyl disulfide were not detected. Furthermore, methyl mercaptan and allyl mercaptan from heat-treated garlic were about 0.05ppm, which is not so large as the value for raw garlic.
In in-vivo tests, LMSC were found in large amounts immediately after eating raw garlic and then decreased rapidly. However, dimethyl sulfide and dimethyl disulfide were not detected. In LMSC from heat-treated garlic, methyl mercaptan , allyl mercaptan and allyl methyl sulfide showed a significant decrease within 30min and from that time continued to decrease gradually (Fig. 5) . Diallyl disulfide, allyl methyl disulfide and 3-(allylthio)propionic acid in HMSC were detected at 0min immediately after eating raw garlic. No HMSC were detected except for 0min. HMSC from heat-treated garlic were not detected at all, suggesting that HMSC would not be derived enzymatically within the body (Table 2) .
Relationship between sensory test and GC analysis A sensory test was conducted and the relation between sensory test results (Table 3 ) and GC analysis was studied. In the sensory test, the strength of garlic odor was evaluated. Raw garlic showed a stronger smell than heat-treated garlic for both in-vivo and in-vitro tests.
Regarding the relation between the sensory test (Table 3 ) and GC analysis , eating raw garlic provided a stronger smell than eating heat-treated garlic. In in-vitro tests, GC analysis revealed higher values of HMSC in raw garlic, while there was not such a large difference in LMSC between raw and heated garlic .
In in-vivo tests, GC analysis showed especially higher values of LMSC after Table  3 . Sensory test for the perception of garlic odor in head-space vapor or human expiration.
* All the panelists (students) perceived the head-space vapor from raw garlic or the expiration of women who ate raw garlic to be stronger of garlic odor in either case.
eating raw garlic than in the case of eating heated garlic. HMSC from both raw and heated garlic were almost not detectable. Nevertheless, it may well be said that a stronger smell originated from VSC as a whole rather than in the minority. What is the difference in VSC between oral malodor from eating garlic and pathological breath? In in-vivo tests, methyl mercaptan, allyl mercaptan and allyl methyl sulfide were detected in human expiration after eating garlic. Tonzetich (11) has detected hydrogen sulfide, methyl mercaptan, and dimethyl sulfide in pathological breath air, and Tsunoda (12) also has confirmed the presence of these VSC. The presence of allyl compounds are caused by eating garlic, and these compounds are not present in pathological breath air. In many cases, there exists a significant difference in quality between oral malodor after eating garlic and pathological breath air.
